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® An electronic bucket positioning and control sys- 
tem for a vehide of ttie type including a hydraullcaily 
controlled boom assembly and bucket The bucket 
positioning and control system can operate in a 
bucket positioning mode, bucket return to position 
mode, bucket anti-rollback nnodd. and tilt cushion 
mode. 
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ELECTRONIC BOCXET POSITIONING AND CONTROL SYSTEM 



BACKGROUND OF THE ff^NTlQN 

1 .Frejd of 2ie invention. 

TJie present invention reiates generally to 
jocm ana attachment control systems for vehicles, 
in partic'jlar. the present inventon is an electronic 
bucket posrtioning and control system. 



2. Description of tfw Prior Art. 

Vehicles such as articulated loaders, sidd steer 
toaders arKj back hoes are well known. Vehicles of 
these types typicaity include a body, a frame or 
other support structure to which a boom assembly 
*ts prvotafly mounted. An attachment such as a 
bucket is prvotaHy mounted to the boom assembly. 
A hytteuGc systm is disc typicaity included for 
driving the boom assembly and bucket The hy- 
draulic system can include one or more hydraulic 
&ft cyfinders for driving the boom assemWy with 
respect to the support structure, and one or more 
hydraulic tilt cylirxiers for driving the bucket with 
respect to the boom assembly. Through the use of 
a control hancfle. an operator will actuate a tilt valve 
to control the tiit cyfinders, and a &fl vatve to 
control the fitt cylinders. In one conventkxiai sys- 
tem, the operator wiB push the control handle for- 
ward to lower the boom assembly, pull the control 
har>die backward to lift the boom assemWy. move 
the control handle to the left to roil the bucket 
back, and move the handle to the right to dwnp or 
roll tt« bucket out 

When usir>g hydrauBc control systems of the 
type described above, the operator often repet- 
itively performs maiy operaticr^s. Wh«i raising or 
towering the boom assembly with a toaded tHiCket, 
for example, the operator must constantly make 
sure that the tucket is kept in a predetemined 
angular reiatkyiship with respect to the vehicle 
body or support structure to prevent the toad from 
being acddentaUy spiDed. The operator is therefore 
required to visually monitor the angular position of 
the bucket and to adjust the bucket's position 
relative to the boom assembly wtiite simiitaneously 
rdising or towering the boom assembly. Although 
hydraulic self-leveling systems are known a>d dis- 
ck:»sed. for example, in the Die! et al U.S. Patent 
4,408,518, systems of this type are relatively com- 
plicated, and typically work only when the boom 
assembly is being raised. 



Another repetitively pertormed operation is that 
of retuming the bucket to a predetermined position 
after it has been rolled out or relied back. For 
exampie, after dumping a toad rt is typicaity re- 

5 quired to return the bucket to a digging position 
oefore a.XJtner :aa can be scccoed. Known return 
to pcsiTico systems nclude an ojerator actuated 
switch .vhicT wt!i activate a magnet or other mecna- 
nism to hoW the aft valve in a position which will 

10 cause the bucket to be rolled back to a position 
determined by a limit switch mourned on the boom 
assembly. When ttw bucket has rolled back and 
actuates the Bmit switch, the mechanism hokSng 
the tilt valve is released. 

T5 The precise rollback position is set by phys- 
ically adjusting the position of the imit switch. This 
prior art system, however, only permits the bucket 
to be returned to one position which is set by the 
limK switch. In additk^. It only permits the bucket 

20 to be returned to a pxedetermir^ed rollback position 
after being dumped. It is often desirable, however, 
to vary the position to wttich the oucket shouto be 
returned. It is also often necessary to return the 
tHicket to a predetermined position from a com- 

2S pletely roi\&^ back position as wea as from a rofied 
out or dumped position. 

Another commonly performed operation is that 
of actuating the tilt valve to bang the hydrauic tiit 
cylinder at its end of travel so as to jar debris free 

30 from the bucket This banging results in the pisaons 
of tire hydraufic titl cyfinders being forced agaret 
stops at the end of the cylinder, and results in 
unnecessary wear. Although the hydraulic tilt cyl- 
inders typically have a hydrauik: fluid port spaced 

35 from the end of the cyfinder thereby preventing 
hydraulic fluid from rapidly exiting the cyfinder 
when the piston is near the end of its travel limit 
and somewtiat dampening the forces applied to the 
cylinder, this mechanism stilt permits large forces 

40 to be appTted to the cylinder. This hydrylic cushion 
system prevents banging which is sometimes 
needed to jar debris free. 

It is evident ttiat there is a continuing need for 
improved boom arKj bucket control systerris for 

45 vehicles of this type described above. A system 
capable of maintaining the bucket at any desa-ed 
angular relationship with respect to the vehicle as 
the boom assembly is being raised or towered 
would be desirable. The system should also be 

50 capable of automatically prohibiting the bucket 
from being rolled back to positions at which the 
toad may spill over the back of the bucket 
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A control system which permrts th operator to 
select any desired position to which the bucket can 
be returned would aiso be desirable. In addition, 
the system should be capable of returning the 
bucket to the desired position from eith r direction 
of traveL A controi system whk:h also prohibrts 
unnecessary wear on the tift cySnders when the 
buc*cet is banged at the end of rts cylind r stroke, 
yet st)» pemuts banging, would heip extend the Sfe 
of the cytinders. The control system must, of 
course, be retetiveiy inexpensive and reliable to be 
commerciafly feasibie. rt wouW aiso be useful if the 
control system couW be implerrwited atong with 
existing hydraulic control systems. The hydraulic 
system shoukl also be capable of manual actuation 
shouW any elements of the controi system fail for 
any of t variety of reasofw. 



SUMMARY OF THE I^A^E^r^ON 

The present invention is an electronic bucket 
posrtkxing and controi system. The system can be 
wnptemented atong with existing hydraulic control 
systems on vehicles, it is also reialively inexpen- 
sive and refiabie since it is microprocessor based. 
In ad(£tx3n, the system can be operated in a variety 
of cfifferent modes. Shoukj any eiectrical elements 
a the control system fail, an ooerator can still 
manualty actuate the hydraulic system. Excessive 
down time can ttwreby be prevented. 

One embodimem of the positioning and control 
system irKiudes a boom assembly having a first 
end which is pcvotally mounted to a support struc- 
ture. An attachment, such as a bucket, is pivotally 
mounted to the second end of the support struc- 
ture. The boom assembly is driven with respect to 
the support structure by at least one hydraulic lift 
cyRnder. The attachment is driven with respect to 
the boom assembly by at least one hydraulic tilt 
cyHnder. Lift sensor means provide lift positk)n 
signals representative of the position of the boom 
assemfajy with respect to the support structure. Tilt 
sensor means provide tilt positxjn signals repre- 
sentative of the position of the attachment with 
respect to the boom assembly. Aiso included is a 
mumpte spool series valve which has an operator 
actuated hydrauTic tilt valve for controlling the tilt 
cylinder, an operator actuated hydraulic lift valve 
for controlfir^g the Bft cylinder, arxj an electrically 
actuated hydrauUc tilt valve which is responsive to 
tilt control sigrals for controlling the tilt cylinder. 
Memory meaf« is used to store data. Control 
means coupled to the lift sensor means, tilt sensor 
means, memory means and electrically actuated tilt 
valve means provide tilt control sisals as a func- 
tion of the stored data, lift position signals and tilt 
position signals. 



In a preferred embodiment the system ir>- 
dudes positioning mode switch means coupled 
the controi means for causing the system to op- 
erate in a bucket positioning mode when actuated. 

s Data representative of a predetermined angular po- 
sition between the bucket and support structure 'S 
stored in ttie memory means. The control mesrs 
provides positioning tilt control signals causing the 
bucket to maintain the predetennined angular pos- 

10 tion as the boom assembly is driven with respect 
to the support stnjcture. Select means for selecting 
the pfedetemntned angutar po$rtk)n can also be 
included. 

In another prefenred embodiment the position- 

75 ir^ arHi control system includes retum to position 
mode switch means coupied to the control means 
for causing the system to operate in a bucket 
retum to position mode, when actuated. Data ropre- 
sentath^ of a predetermrod angular set posSon 

20 between the bucket and the boom assembly is 
stored in the memory means. The control means 
provkles retum to position tilt control signals caus- 
ing the bucket to be driven to the pred^ermined 
angular set position. Retum to position set switch 

25 mearis for causing the memory mearts to store 
data representative of the predetermined set posh 
tion, aixJ enable switch means for enabling the 
control means to provide the retum to position tilt 
control signals can also be included. 

X to another preferred embodiment tt« positior>- 
ing aruj comrol system operates in an ant^-roOback 
mode. Data representative of a minimum roBout 
angle of ttw buckettachment with respect to the 
support structure is stored in the memory means. 

3S The controi means provides anti-rollback tiH control 
sigrwls preventing the bucket from being driven to 
a position havif^ a roltout angle with respect to the 
support stiTxirture which is tess tiian the minimum 
rollout angle. 

40 In still another embodimem, ttw positioning and 
corrtrol system operates in a tilt cushion mode. 
Data representative of a first cushion <fistBnce is 
stored in the memory means. The control means 
provides cushioning tilt comrol signals causing 

<s speed o< a piston to stow when the piston ts being 
extended within the tilt cyfinder. and is within the 
first cushion distance of an extension end posifion. 
Data representative of a second cushton <fistance 
can also be stored in the memory. The controi 

so means disables production of the cushtoning till 
control signals when the piston is retracted from 
the extension end position by less than the second 
cushion distance before again being extended. 

55 
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3R1EF DESCRlP'nON OF THE DRAWINGS 

figure 1 is a perspectiv© view of an aft)a>- 
latBd loader which can utilize the bucket posrtionmg 
and control system ^ the present inv ntion, 

Ftgxffe 2 ts a detailed view of the boom 
assembly and buciei shown in Figure 1 . with parts 
thereof shown in phantom. 

Ftgure 3 is a sectionaJ view of a hydraufic 
cyJi^^er seen as lhat shown m Figures 1 and 2, 
iitjsu^ng :ne ambocSment of an ancoding mecha- 
nism tnciuoed ther6*\. 

Figure 4 is an ©cploded view of the cylinder 
showrt in Figure 3. 

figure 5 is a detailed view of the piston 
shown in figure 3, with the encoding mechariism 
shown in exploded torm. 

figure 8 is a detailed view of the efKodng 
mechanism shown in figure 5. 

figure 7 is a detailed exploded view of the 
rod shown in figiye 6, itlustratir>g the conductor 
and resistance strip- 

figure 8 is a btock diagram representation of 
one embccfiment of the bucket positioning and 
control system of the present invention. 

figure 9 is a side view of the boom assem- 
bly and bucket shomn in figure 2, with parts there- 
of shown in phantom to illustrate their geometricaJ 
relatkyiship. 

figure 10 is a view illustrating the boom 
assembly and boost shown in Figure 2 when the 
present irrvention is operated in its bucket levefing 
mode. 

figure 11 is a view illustrating the boom 
assembly arxj budet shovfn in figure 2 when the 
present invention s operated in its anti-follback 
mode. 

figure 12 is a detailed cross sectior^ai view 
of the three spool series valve shown in figure 8. 



DETAILED DESCRFTTON OF THE PREFERRED 
EMBODIMENTS SYSTEM OVERVIEW 

The present invention is an electronic attach- 
ment positioning and control system whki^h wilt 
typically be included on various types of vehides. 
The embo(£ment described herein is an electrorvc 
bucket positioning and control system which is 
included on an articulated k>ader 10 such as tt^ 
shown generally in Figure 1. Articulated loader 10 
includes an articuiiaied frame or other support 
structure (not visible} which is supported for over- 
the-ground travel by wheels 12. A chassis or body 
16 is mounted to the frame and includes an oper- 
ator's compartment 1 3 and an engine compartment 



20. Also mounteo to the frame or other support 
structure in from of operator's compartmem 18 is 
boom assar-oty 22, to which an attachmertt such 
as bucket 2^ is mounted. 

s An engine, cooling system, and hydraulic sys- 
tem (not seoarately shown) are typically mounted 
within engne compartment 20. A hydrostatic or 
other drive mechanism (also not shown) for rotating 
wheels 12 s interfaced to the motor and car be 

:o located on a from part of tne frame. Opera-crs 
compartmer: i8 is efx:lo$ed by an ovTr^.=ad 
framewort cr guard 26. An operator will sir on a 
seat 28 ana control the speed and steering of 
articulated icader 10 by means of a throttfe (not 

75 shown) and steering wheel 32, respectively. A 
joystk:k-type control handle 34 is also pcsitkx^ed 
within operator's compartment 18 and is utifized by 
the operasor to control boom 3sserTU>ty 22 and 
bucket 24. Other control switches to be described 

20 in subsequent portk>ns of this specrfkation wtvich 
are actuated by the operator to controt the bucket 
positioning and control system of ttie presert in- 
ventxxi can also be mounted within reach of the 
operator in operator's compartmem ia 

25 Boom assembly 22 and bucket 24 are shown 
in greater detail in figure 2. Uprights 50 e)Ctefid in 
a generally vertical directkyi on both sides of k>ad- 
er 10. Boom assembly 22 includes a pair of Sft 
amis 52, each of which has a first erxJ 54 wtiich is 

30 pivotabty mounted to one of uprights 50 by means 
of pivot ptns 56. Bucket 24 is pivotabty mounted to 
a second end 58 of lift arms 52 by m^ns of ;»vot 
pins 60. and includes a bottom panel 25, back 
panel 27, and side panels 29. 

35 Boom assembly 22 also includes a pair of 
boom lift r/iinders 62 and a pair of bucket tilt 
cylinders 54. all of which are interfaced to the 
hyttraulic system. Uft cylinders 62 each include a 
cyfinder housing 66 which has an end pivotataty 

40 mounted to body 16, and a piston rod 68 whfch 
has an end pivotably mounted to one of Oft anns 
52. When actuated by the hydrau^ system, piston 
rods 68 wtl odend and retract within cyfinder hous- 
ings 66 thereby causing boom assembly 22 

45 lift arms 59 to be raised and lowered ^)Out boom 
travel path 7a 

Titt cyfnders 64 each include a cylinder hous- 
ing 72 which has an end pivotaily moimted to orte 
of Bft arms 52, and a piston rod 74 wtuch has an 

so end pivotatty mounted to upright members 71 of a 
tilt linkage. The tilt linkage also includes a cross 
member 73 which extends between lift arms 52. 
Tilt links 77 have a first end 78.pivotal)y moisted 
to back panel 27 of bucket 24. and couple tilt 

55 cylinders 64 to the twcket When actuated by the 
hydraulic system, piston rods 74 will extend and 
retract wftfwi cylinder housings 72. thereby causing 
bucket 24 :d rotate about bucket travel path 76. 
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The motion d bucket Z4 when piston rods 74 are 
retracted and tieck panel 27 moves toward t30dy 16 
ts charactenzad as roifbacfc. wttile tt« nvtion of the 
bucket whan fie piston rods are SKSerKlad causir^g 
the back pnJ to rot^ away from tie body is 
called rollout 

The budmt control system of present in- 
ventjoo Lrtifaes encoders or sensors to provid 
signaJs representative of the position of boom as- 
sembly 22 mti bucket 24 about their respective 
travel paths 70 and 76. Atthough ether rypes of 
sensors for providing these signab are within the 
scope of the ciaimed inventwn, the embocSment 
described harem Includes a sensor mect^antsm 
within m qr«rtders 62 and tflt cyfrxJers 64. A 
prefen-ed errtodiment of a tilt cyfinder 64, wtwrfi is 
aiso repressoCBdve of lift cylinders 62. is shown in 
greater detii in Figures 3-7. 

Piston rod 74 includes a mountn^g devts 80 on 
a first end toreof. and has its second or opposite 
end affixed to piston 82 by mear^ of tastenirig 
rings 64. Cyinder housing 72 ndudes a rrxxjnting 
devts 88 at a Srst end opposite cyMer 84 from 
mounting da«is 80 of piston rod 74. The second or 
opposite end of cylinder housing 72 is sealed by 
cylinder stop 87. In response to the ftow of hydrau- 
lic flukj thniogh base port 88 and rod port 90. 
piston 82 wS be driven within cyfinder housing 72 
between moud^ clevis 86 ar«j cyfinder stop 87 in 
a well known manner. 

Tilt cyfinder 64 aiso ndudes a sensor mecha- 
nism 89 for provk^ng an electric signal reprBsenta- 
tive of the aitent or length that piston rod 74 is 
extended or fetracted within cylinder housing 72. 
To receive sensor mechanism 89. piston rod 74 
includes a cawity 91 whkA exterids axi^ rrwjst of 
the way thmu^ the center of the rod from the end 
adjacent piston 82. Cavity 91 tncHxies si enlarged 
portk^n 85 at the end at^acent piston 82. Sensor 
mechanism 68 mciudes a rigid rod 92 «j a sfide 
assembly 93. A first end of rod 92 is thrBaded and 
attached nut 94 to moun&ig usembfy 95. 
Mounting assembly 95. in twn, is fbeed within cav- 
ity 96 of dem 88 by means of fastening ring 97. A 
second end of rod 92 is fastened to sfide bushing 
98 by screw 99. 

As perhaps best shown in Rgure 7, rod 92 
includes tw) grooves 100 on opposite sides there- 
of, and a dear hole running lengthwise through the 
rod. 

Mounted within one gnxjve 100 is a conductive 
strip 101 whch can be fabrkated of vmus materi- 
als such 35 tamtnated conductive pfasttc A finear 
resistance stnQ 102 is fastened within opposite 
groove lOa Conductor 101 and linear resistance 
strip 102 are eJectrically insulated from rod 92. 
Wire leads 103 and 104 are connected to conduc- 
tors 101 and 102, respectively, at the end adjacent 



mounting assembly 85. and extend into cavity 96. 
A wire lead 105 extends from cavity 96 through the 
clear hoi ofrod92totheendof resistance strip 
102 oppposite that 3f wire iead 104. 

5 STtde assembry 93 indudes a s&de memt)er 
106 which drcumlerentiaCy surrounds rod 92 and 
is slidable atong 7^ rod. Sfide member 106 in* 
etudes holes 107 througn opposite skJes thereof 
(only one is visibie) which are positioned in such a 

10 manner as to permit access to conouctor 101 and 
resistance strip 102. Wiper contacts 108 are moun- 
ted to slide member 106. and are eiectricafly coup- 
led to one another, by saews 109. Wiper contacts 
108 are adapted to fit wittfin holes 107 and sidably 

rs contact one of conductor 101 ar^d re sistar KB strip 
102. As perhaps best shown in Figure 3. slide 
assembly 83 is fastened to piston rod 74 within 
enlarged portk>n 85 of cavity 91 by fastenaig ring 
110. 

20 In operatton. sensor mechwiism 89 prov id es an 
electric signal having a n^agnitude representative of 
the degree to whkA piston rod 74 is exterxM or 
retracted within cyfinder housing 72. To this end. 
an electric signal havir^ predetermined voftage is 

25 appfied across resistance strip 102 through wire 
leads 104 and 105. As piston rod 74 is extended 
and retracted within cylinder housing 72, s&de as- ^ t 
semWy 93 sfides atong rod 92 with y^per contacts 
108 electrically coup5ng resistance strip 102 to 

30 conductor 101. Sensor mechanism 89 thereby 
functkxts in a manner simdar to a po tentio meter, 
with the voltage received through lead 103 from 
contact strip 101 being represemath/e of the posi- 
tion of sSde assentfrfy 93 atong rod 92, and there- 

35 fore representative of the degree to whfch piston 
rod 74 has been extended or retracted. 

Or^ embodiment of bucket positioning and 
corrtrd system 120 of the present ffwention is 
illustrated schemataily in Rgure 8. Bectronic con- 

40 troi subsystem 121 Ihered indudes a microproces- 
sor based controaer 124 and associated memory 
1^. a bucket posilnrttng mode swttcA I2a a buck- 
et retum to po«tksn (RTF) mode switch 130. RTP 
set switch 132. RTP enable switch 134, roflback 

45 solenokj 136, roflout solendd I3a tlt'swrtch 141 
and sensors 89 of » cylinders 62 and tilt cyfinders 
64 (only one lift and tift cyWer m shown). A 
hydraulic control sUsystam 122 tnctudas control 
hancfle 34. tilt actuator or vatve 140 and rte asso- 
50 dated spool 142. ift actuator or vaive 144 and its 
associated spool 146. titt auxifiary (tilt aux) actuator 
or vaive 148, fift cyfnders 62 and tilt cyfinders 64. 

An operator can manuaty control boom assem- 
bly 22 and txjcket 24 (Rgire l) through the use of 
55 control handle 34. When soooi 142 is actuated in a 
first direction from cts certtar or neutral position by 
corrtrol handle 34, titt valve 140 will cause hydraulic 
flukJ to flow in a first dirBCtkxi through hydraulic 
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.in s ISO and 152« thereby actuating nft cylinder 64 
and causing piston rod 74 to extend therefron. 
Motion of piston rod 74 stops when spool 142 ts 
returned to its neutrai position. When controi hav 
die 34 is moved in the opposite direction. spoo< 
142 is artitamd 'in a second direction from its 
neutrai posilion causing hydraulic fluid to flew in 
the op po si te cfirection and retracting piston red 74. 
Sucket 24 s thereby driven alOf>g its travel path 76 
iRgur3 2). with tilt positon signals represertaiive o* 
the pos*on of piston rod 74 provided ;c -.crfoUer 
:24 by sensor 89. 

Ttft switch 141 is responsrve to spool 1 42, and 
provibas mantaJ tilt signals to controller 124 when- 
ever the spoot is moved from its normal position by 
corrtroi hancfle 34. 

Lift cyfinder 62 ts hydrau&cally controlled by Bft 
valve 144 mrough hydrauftc lines 154 and 1S6 
when spoot 146 is actuated by control handle 34 in 
a manner smiiar to tfiat of tilt cylinder 64 vid 
deserted atxw. Boom assembly 22 is thereby 
driven along fts ti'avel path 70. with Gft position 
signate representative of the position of piston rod 
68 provided to controOer 124 by its sensor 89. 

T3I cyiinder 84 can also be etectricalty ac- 
tuated by controUer 124. Controller 124 provides tilt 
controi signals to rollback solenotd 136 and rollout 
solenoid 138 in a manner causing tilt auxiBary valve 
146 to hydrauteally actuate tilt cylinder 64, As 
shown, tilt aifioBary valve T48 is connected exter- 
nally ffi a parafiel hydraufic circuit with tilt valve 140 
to tilt cyfnder 64 thnxjgh hydraulic lines 150 and 
152 Ci-a, wortt ports B1 wid 83 of tilt valve 140 »id 
tilt auaAary valve 146, respectively, are both con- 
nected to the base port of tilt cylinder 64 through 
hydraufc Une 150. while work ports A1 and A3 are 
both connected to the rod port of the cyiinder 
thnxjgh fine 152). When tilt co n trol signals are 
provided to rollout solenoid 138, the spool (shown 
in Ftgiie 12) of tilt auxiDary valve 148 is moved tn 
a fir^t cfirection from its neutral position causing 
piston lod 74 to extenid from tilt cylinder 64. When 
tilt conM sign^ are provided to rollback solenoid 
136. the spool of tilt auxi&ary vah^ 148 is moved in 
a second daroakm from its n^itral positton causing 
piston rod 74 to retract witttin tilt cylinder 64. When 
no tilt sign^ are applied to either solenokj 136 or 
138, the spotd will be biased to its neutral position 
with piston rod 74 remaining at its previously 
position. 

Ttft valve 140, lift valve 144 and tilt auxiliary 
valve 148 are preferat>ly elements of a multiple 
spool series valve block such as three spool series 
valve block 170. Series valve bkxik 170 is illus- 
trated in greater detail in Rgure 12. Valve block 
170 includes a monoblock casting 172 in wtiich 
spool 142 of tilt valve 140. spool 146 of lift valve 
144. and spool 174 of tilt auxiliary valve 148 are 



positionec. Series valve blocks sucn as "0 are 
well Imown ar>o irtdud an open flow enamel 176 
by which valves 140. 144 and 148 are couped in a 
series hydraufic circuit through their respectiv 

5 spools 142. 144 and 174, arxj a drain passageway 
178. Hydraulic fKiid from fluid reservoir W is 
pumped by pump 182 to open fk>w channel 176 at 
a point upstream from tilt valve 140 throtgh inlet 
port 184. From dram port i86, which is wxnin drain 

TO passageway 178 downstream from *JIt *u:<iiiary 
^aive ^48. hydraufic fluid is returned to •^sanroir 
160. in the emtto^ment shown, tilt auxiEary */a)ve 
148 is located immediately upstream from drain 
port 186. tilt vaKe 140 is tocated imne^ateiy 

75 downstream from inlet port 184. ar>d Oft va*ve 144 
is located between the tilt and tilt auxitiary valves. 
Bow channel 176 and cfratn passageway 178 are 
coupled by refief valve 188. 

Positions of boom assembly 22 and bucket 24 

20 can be reptes mite d for ptgposes of c a l nrtwfion and 
control by controOer 124 as a Bft angle (LA) and tilt 
angle (TA), respectively, as shown in Rgure 9. In 
one embodiment, controOer 1 24 relates the position 
of boom assemt>ly 22 to the Oft angle LA between 

25 a first axis extencfing b^ween pivot pins 56 of Sft 
arms 52 and mounting br ac kets 86 of frft cyfinders 
62, arxj a second axis extending between pivot 
pins 56 and moitfiting brack e t s 80 of ttie Sft cyl- 
inders. Since signals representative of the length 

30 (i e.. the amount of extension or retraction) of lift 
cyQnder 62 are provided by sensors 88 to control- 
ler 124. lift angle LA can be detemuned as a 
function of the length of Bfl cylinder 62 and the 
known lengths of the first 8i\ci second axes. Lift 

S5 angle LA has a minimimi va^ when piston rods 
68 are fully retracted within Sft cylinder 62, and a 
maximum value when piston rods 68 are com- 
pletely extended from cyiinder 62. 

In a similar nr^anrier, controOer 124 retates the 

40 position of bucket 24 atxxit buck^ travel pdh 76 to 
the tift artgte TA between a first axis defined t3y the 
plane of back plate 27 of bucket 24, and a second 
axis extending behiveen pivot pins 60 and the posi- 
tion of ends 78 of tilt lirte 77 when piston rods 74 

45 of tilt cylinders 64 are fufiy retracted. Tilt angle TA 
can be determir^ed from the tilt position signals 
provided by sensors 89 of tilt cytinders 84 as a 
geOT>etirTc function of the magnitude of the position 
signals and the known geometry of the tift inkage. 

50 When piston rods 75 of tilt cylinders 64 are fully 
retiacted. for example, the tilt angle will be a mini- 
mum value. When piston rods 74 are completely 
exterxled. the tilt arigle will be at a maximun value. 
In one embodiment memory 126 is pro- 

55 grammed with data and equations characterizing 
the functior\al relatk)nship t>etween the magnitude 
of the lift position signals received from sensor 89 
of lift cylinders 62. and lift angle LA. and char- 
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acterizing the functional relationship between the 
ih position stgnals provided t^y sensors 88 of titt 
c/iinders 64, and tOt angle TA. In response to the 
ffft and titt and position signals. controAer 124 can 
then compute ift angie LA and tilt angle TA. In 
other embodiments, memory 126 is programmed 
*;th !oo*c-up tabies which relate the magnitude of 
•ne lift and tiK position signals to previous^ detar- 
Ttioed Uft angles LA and tift angfes TA. In resoonse 
to irtt and tiH position sigr^is of a predetermined 
magnitude, controller 124 simply implements an 
algorithm which searches the look-up table for the 
corresponding 5ft and titt angle. Uti&zing these or 
other known tachrtk^jes, controller 124 can deter* 
mine the posrtion of boom assembfy 22 and the 
position of bucket 24 in relation to boom assembly 
22. 



MANUAL BOOM AND BUCKET CQf^OL MODE 

Bucket positioning axd control system 120 is 
operated in te manual boom and bucket control 
mode when bucket positioning mode switch 128 
ar>d bucket return to positwn (RTP) mode switch 
130 are both set to their OFF position by the 
operator. When bucket positioning and control sys- 
tem 120 is operated in its manual boom and bucket 
control mode, hydrmific control subsystem 122 
functkxis in a manner similar to that welt known in 
the prior art and described above. Uft cyRncter^ 62 
will drive boom assembly 22 about its travel path 
70 only when spool 146 of fift valve 144 is man- 
ually di^iacad from its neutral position by the 
operator through use of control handle 34. Simi- 
larly, tilt cylinders 64 will drive bucket 24 about its 
travel path 76 only when the operator manually 
actuates spool 142 of tilt valve 140 using control 
handle 34. However, in prefeoed embodiments of 
the presem invention, the anti-roflback and tilt 
cushion modes deserted in subsequent portk)ns 
of this specrficatksn ovierride the manual boom arKi 
bucket control mode. Since tift valve 140 \m 
valve 144 are coupled to tilt cyfinder 64 and lift 
cyfinder 62, respectively, independent from lilt aux- 
iliary valve 148. an operator can manually control 
boom assembly 22 and bucket 24 even if any 
elements of electrical subsystem 121 shouU fail. 
Excessive down time resultif>g from component 
failures can thereby be prevented. 



BUCKET POSmONIf^ MODE 

Bucket positcning ar>d control subsystem 120 
is enabled to operate in its bucket positioning 
mode when an operator sets bucket positioning 
mode switch 128 to its ON position, and bucket 



RTP mode swrtch 130 to its OFF position. When 
operated in the bucket positioning mode. b;K:ket 
positk)niRg and ccntrol system 120 causes bucket 
24 to mairrtarn a selected predetermined angular 
5 relationship or bucket angle BA with respect to 
chassis or support structure16 of k>ader 10. as 
jJustrated in Rgure iO. 

In Rgure 1C. bucket angle BA is characterized 
as the angle formed between back plate 27 of 
bucket 24, and an axis extending between the 
center of wheels 12 on one side of loader lO. At 
any then currem position or fift angle LA of boom 
assembly 22 already set by the operator, the oper- 
ator can actuate cxxnrol handle 34 to position buck- 
's et 24 at a desired tilt angle TA with respect to the 
boom assembly, thereby selecting the desired 
bucket angle BA with respect to support structure 
16. When the Dp er ator releases control harxlle 34 
retiBTitng tilt spool 142 to its neutral position, tilt 

20 switch 141 will stop provklk)g manual lift signals, 
and controder 124 wiB cause data representative of 
the tilt and lift positx)n signals to be stored in 
memory 126. Corrtrotier 124 then utffizes the stored 
data representative of the Gft and tilt position sig- 

25 nals to compute or otherwise determine ttie se- 
lected bucket an^ie (BA). 

Once bucket angle BA is selected in this mar>- 
ner. controOer 124 monitors the Rft position signals 
and provides titt control signals to bucket rollback 

30 solenoid 136 or bucket roUout solenoid 138 as 
needed to cause tilt auxiliary valve 148 to actuate 
tin cylinders 64 and roll bucket 24 back or out to 
maimain the bucket at the selected bucket angle 
BA when the operator manually actuates contrcH 

35 handle 34 to lower or raise boom assembly 22, 
respectively. For example, if Pift valve 144 is ac- 
tuated to raise txxm assembly 22 by a given Bft 
ar^le. comroBer 124 provides tilt corrtrol signals to 
rolkxit sdenokj 138 causing tilt angle TA to trv- 

40 crease by the same gi>/&\ angle over the same 
period of time. Bucket 24 will tt>en be maintatried at 
the same bucket angle BA throughout this motksn. 

Manual actuatkm of tilt vaNe 140 throt^h the 
use d corrtrol handle 34 causes tilt switch 141 to 

45 provide manual titt sgnats to controller 124. Con- 
troller 124 discontinues the productksn of tovefing 
tilt control sigrials when manual titt signals are 
received. The operator can therefore override the 
bucket leveling mode by actuatirig tilt valve 140 

so through control handle 34, arxj manually set bucket 
24 to arvTther desired position. When tilt spool 142 
is returned to rteutral positron (\.b., when the oper- 
ator is not actuating control handle 34). bucket 
positioning and control system 120 will again enter 

55 its txtcket leveling mode causing tHJCket 24 to 
maintain tt>e newfy selected bucket angle BA in the 
manner described above. 
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As will be described in suosequent portions of 
this specification, the antKOtteck mode of bucket 
positioning and control sys^ 120 ovemdes the 
bucket lev ling mode in certain circumstances. 



BUCKET RETURN TO POSTHON (RTF) MOCE 

Bucket positiorting ar>d tooxn\ system "20 s 
©labted to operate in its retuti to positicn ;RT®} 
mode when the operator ses bucket RTF mcde 
switch 130 to fts ON positioa and budcat position- 
ing mode switeh 128 to its OFF posflioa Using 
control handle 34. the onerater can m^ualfy ac- 
tuate tat vaJve 140 to position bucket 24 at a 
pfBdetenmined posrtion with respect to boom as- 
sembty 22. The operator then actuates RTF set 
switch 132 to select the predetBrmined position as 
the predetermined set positkin. When so actuated 
by the operator. RTF set switch 132 causes cwv 
trolfer 124 to store data representative of the titt 
position signals, and representative of 9ie tOt angle 
TA at the selected set positraru within memory 126. 
Jf RTF set switch 132 is not actuated after RTF 
mode switch 130 is set to as ON position, data 
representative of a default set position, such as 
bottom panel 25 of bucket 24 tevel with respect to 
support stnjcture 16, is used. 

After a predetermined s^ position is selected, 
the operator can use control handle 34 to actuate 
tilt vaive 140 and fift vaive 144 to manuafly drive 
bucket 24 anti boom assembly 22 to any desired 
position. Whenever it is deseed to return bucket 24 
to its set position, the operator simply actuates 
RTF enable switch 42. Controller 124 will then 
provide return to position tilt control signals to 
rollback solenoid 136 or roiout solenoid 138 as 
required to roll bucket 24 bade or out. rBspectivety, 
to the selected set position. In one embocfimerrt. 
rollback solenoid 138 or roSout solenoid 138 fully 
strokes tin auxtfias^ valve 148 tfitil sersor 89 of tilt 
cyfinders 64 provkte tilt position signals indkating 
that bucket 24 has been returned to the selected 
set position. 



CONCURRENT USE OF BUCKET POSmONlNG 
MODE AND BUCKET RTF MOPE 

Bucket positioning and control system 120 is 
simultaneously enabled to operate cn both the 
bucket positioning mode and RTF mode previously 
described when the operator sets both RTF mode 
switch 130 and ljucket positioning mode switch 128 
to their ON position. When both the reti*n to posi- 



icr: one Ducket pcsitisning modes are selected in 
7\\s manner, bucket Dcsitioning and control system 
120 operates with the attributes of tx^th individual 
modes as described aocve. with one exception. 

5 tf boom assembly 22 is being raised, the op- 

eration of bucket posDoning and control system 
1 2C in both the bucket positioning mode and buck- 
et RTF mode is as oreWousty descrit)ed. However, 
controller 124 monrtors :he lift posrtion signals 'e- 

10 ceivaa ser^s-rrs 3S of lift cylinders 62. and 
oisaotes operation m Ta bucket positioning mcoe 
(i,e.. coes noc provide control signals), when the 
operator is usff)g conuol handle 34 to lower boom 
assembly 22. When facom assemWy 22 is being 

75 lowered »yj botti RTF mode switch 130 and buck- 
et positioning mode switch 128 are switched ON, 
the operator must ac&iate RTF enable switch 134 
or manually actuate tit vaive 140 through the use 
of control handle 34. to roll bucket 24 back or out 

20 

ANTl-flOaSACK MODE 

Bucket posttiorwig and control system 120 is 

2S preferably programmed to continuously operate in 
its anti-rollback mode, in this mode of operation, as 
illustrated in Figure 1 1 , bucket positioning and con- 
trol system 120 prevene spillage over back panel 
27 of bucket 24 by preventing the txicket from 

30 being rolled back beyond a predetermined mini- 
mum roflout angle MRA with respect to the support 
structure a chassis 16 of loader 10. Rollout angle 
RA is characterized n Figure 11 as the angie 
formed between back panel 27 of bucket 24 and an 

35 axis between the center of wheels 12 on one side 
of loader 10. and can be determined by controller 
124 as a function of tift angle TA minus lift angle 
LA. Controller 124 can, for example, be pro- 
grammed to ensure that rollout angle RA must t)e 

40 greater than or equal to ttie mirtimum rollout angle 
MRA. 

Data representati>« of minimum roltout angle 
MRA can be stored n memory 126. When op- 
erated in the anti-foBsack mode, corrfroller 1 24 

45 morvtors tite Sft and tat positions signals. Whenever 
controller 124 determras that the rolkxit angle RA 
computed as a function tiiereof is less than the 
minimum rx>ltout angle MRA, tilt control signals are 
provided to rolkxit soierKrid 138 causing tilt auxil- 

50 iary valve 148 to roll bucket 24 out to ttie minimum 
rolksut angle MRA. 

If the operator shouki manually actuate tilt 
vah/e 140 in a direction which would cause bucket 
24 to roll back beyond minimum roltout angle MRA, 

55 controller 140 provkies tilt control signals wtiich 
causes tilt auxiliary valve 148 to counter this mo- 
tion air6 prevent bucket 24 from rolling back be- 
yond the minimum roflout angle. If the operator 
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sTiOukj actuate control handle 34 to lift boom as- 
S8n:^bty 22 to a positkyi which would cause bucket 
24 to heve a rollout angle lass than rnmamim 
^llout angle MRA, controller 124 wiD simultaneous' 
ry prov>de tilt control signals to rollout solenoid 136 
which causes bucket 24 to roll out and t)e drrven to 
Tinimum rollout angle MRA. H lift va)ve 144 is 
actuated to raise boom asserr.bfy 22 arxj tiH vah« 
140 is simuitaneousty actuated to roll bucket 24 
oacK resulting in bucket 24 being driven to a 
• ollout angle MRA. motion of both frft cylinder 62 
and tilt cyfinoer 64 wd} be stopped. Bucket 24 is 
thereby prevented from being driven to a roOoot 
angle less than MRA. Since tfll valve 140 and &ft 
valve 144 are kx:at»d upstream from tilt auxitiary 
vafve 148. the operator will be unable to overnde 
operation of bucket positioning and control system 
120 in the ant>-rollback mode using control handle 
34. These operations are performed continuously 
as boom assembly 22 is raised. 

The ant>-folIback mode of operation descried 
atwve overrides both the manual boom and bucket 
corrtroi mode of operation, bucket positkintng 
nxxle. and return to position modes desofbed 
^>ove if their operatios would t^ to cause buck- 
et 24 to have a rollout »>gle RA less than miramum 
rollout angle MRA. 



TILT CUSHION MODE 

Bucket positioning and control system 120 is 
preferably programmed to contmuousiy operate m 
rts tilt cushion mode to prevent unnecessary forces 
from betf^g exerted on tilt cyfinders 64. The oper- 
ationai frfe of tilt cylinders 64 can thereby be ex- 
tended, while at the same time permitting the oper- 
ator to bang bucket 24 to jar debris free. The 
following description of the tilt cushion mode is 
made with respect to Rgures 3, 8 and 1 2. 

Whenever sensors 89 of tilt cyfinders 64 pro- 
vide tilt positkxi stgrials indcatir^ that piston rods 
74 are being extended ar>d are wfthin a first pre- 
determined cushion du;t3nce such as two inches of 
the end of their stroke 0.0.. piston 82 is within two 
inches of cylinder stop 87), controller 124 causes 
positioning and control system 120 to enter its tilt 
cushkxi mode. Data representative of tfw first pre- 
determined distance wifl be stored wrttiin memory 
126. Once the tilt cushk»i mode is entered, control- 
ler 124 provides cushkxiing tilt control signals to 
rollt>ack solenoid 136. 

In response to the tilt control signals, rollback 
solenoid 136 drives the spool of the tilt auxiTiary 
valve rn a direction (e-g. to the right in Rgure 12) 
opposite that of spool 142 of tilt vaJve 140 (e.g.. to 
the left in Rgure 12). Hydraufic fluid flowing to 
base parts 38 of tilt cyfinders 64 is thereby shunted 



through the external parallel hydrau&c connection 
between the tm and tilt auxiEary vaNes to the drain 
passageway of valve block 170. while fluid fk>w 
from rod ports 90 of the tilt cylinders is bkjcked. As 

5 a result the speed of piston rods 74 is stowed, 
reducing the forces acting on cylinders 64 when 
pistons 82 meet cylinder stops 67. 

If bucket 24 has been completely dumped, i.e., 
oiston rods 7* fully ertended from tiit cylinders 64. 

'0 and then 'etracted less than a second predeter- 
mined cushion distance such as four inches, con- - 
troiler i24 overrkies the tift cusnkjn mode of ooera- 
tk>n. Data representative of the second predeter- 
mir^ed distance is also stored in memory 126. 

15 In other words, an operator can use control 
handle 34 to manually stroke tilt cyfinders 64 to 
their full extent without entering the tilt cusNon 
mode, provided that the tilt cylinder has not been 
retracted from rts full rollout position by more than 

20 tt)e second predetermined distance immediately 
before being again extended. This gives the oper- 
ator the at>Gty to bang tm cyfinders 64 with a 
fimited stroke to jar debris from bucket 24 without 
damaging the cyfinders. 

CONCLUSION 

The present invention is an electionic bucket 
30 positioning and control system which can t>e used 
in conjunction with the hydraulic systems typically 
kxjnd on V6hk:le8. The electronic system is rela- 
tively simple, refiable and inexpensive. It is ttiere- 
fore commercxalty feasible to implement As de- 
X scribed above, the system is also very flexible and 
can operate in a variety of different modes. 

Although the resent invention has been de- 
scribed with reference to preferred embodiments, 
workers skilled in the art win recognize that 
40 changes may be made in form and detail without 
departing from the spirit and scope of the invert 
tion. 



46 Claims 

1. An electronic attachment positioning arxj 
comrol system, including: 
a support structure; 
so a boom assembly having a first end pivctally 

mounted to the support structure, and a 
second end; 

an attachment pivotally mounted to the sec- 
ond end of the boom assembly; 
S5 at least one hydraulic lift cyfinder for drtvir>g 

the boom assembly with respect to tt^e sup- 
port structure; 

at least one hydraulic tilt cy&nder for driving 
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tie attachment with respect to the boom 
assemWy; 

Bt sensor means for providing fift position 
signais reprBsentative of th posHicn of the 
boom assembly with respect to the support 
s&ucture; 

S sensor mearts for providing tilt position 
signals representative of the position of the 
attachment with respect to ^ boom assem- 
Wy: 

a muttipie spool series vaive rnduding: an 
operate^' actuated hydroutic tilt valve for con- 
Mling the tilt cyfinder 
an operator actuated hydraufic Sft valve for 
controtfing ttie ifl cylinder and 
an electricany actuated hydraufic tilt valve 
responsive to tat control signais for control 
frig the tilt cyfinder. the elecarically actuated 
hydraufic titt valve and the operator actuated 
hydraufic tilt valve coupled to the hydraulic 
e cylinder m a parallel hydraulic circuit; 
(nemory means for storing cfigital data; and 
(figttal control means coupled to tt>e Bft sen- 
sor means, titt sensor means, memory 
means electrically actuated tilt valve 
means for provic£ng titt corttrd signais as a 
tmction of the stored digital data. Hft posi* 
ion signais si6 tilt position sigrrals. 

2. The p o&itioiw tg and control system of claim 
1 wherem: 

ftie system further includes: 
a hydraufic fkad reservoir for containing hy- 
draulic fbiid received from the series valve; 
and 

a pump for pumping hydraulic fkiid from the 
reservoir and 

the electricafly actuated tilt valve is posi- 
fioned donnmstream from the operator ac- 
teted tilt vatve and the operator actuated lift 
valve. 

3. The pos itioning and control system of daffn 
3 wherein ttie op e i at ui actuated lift valve is posi- 
tioned between the operator actuated tilt valve and 
the otoctiica fly actuated titt valve in the series 
valve. 

4. The positioning and control system of claim 
1 wherein: 

tie memory means stores data 
representative of a selected predetermined 
angular position of tiie attachment with re- 
spect to the support structure; 
fte system further includes positioning se- 
lect means coupled to the control means for 
selecting the predetermined angular position 
and causing the memory mearts to store 
data represCTtative of the selected predeter- 
mined angular position; and 
fire control means provides positioning tilt 



control signals causing the attachment to 
maintain the selected predetermined angular 
position as the boom assembly is driven 
with respect to the support structure. 
5 5. The positioning arxJ control system of claim 
4 and further ir>ctuding positioning mode switch 
means coupled to ttw control mear^ for causing 
the system to operate in a positioning mode, and 
thereby provide t**^ positioning tiit control signals. 
TO when actuatec. 

6. Tne positioning arxj corrcol system of claim 
4 wherein the positioning select mearts induoes titt 
switch means responsive to the operator actuated 
hydraulic titt valve and coupled to the control 

75 means tor providing tilt signals representative of 
operator actuation of the upei'a t or actiiated titt 
vaNe. wtierein the control means causes the mem- 
or/ means to store ^gital data representative of 
the angular position of the attachmertt with respect 

20 to the support structure, selected by the operator 
through actuation of the operator actuated tilt valve, 
as the selected predetennined anguiar posttfon. 

7. The positioning ar*d corrtrol system of claim 
1 wfterein: 

X ttie memory means stores data representa- 

tive of a selected return position of tt)e 
attachment with respect to the boom assem- 
Wy; 

the system further includes return to posi- 
30 tion select means coupled to the control 

means for causing the memory means to 
store (Sgital data representath^ of the se- 
lected return position; and 
the control means provides return to position 
3S titt control ^gnals causing the attachment to 

be driven to the selected return position. 

8. The positioning mud control system of claim 

7 wherein the return to position select means »>• 
dudes return to position set switch means for caus- 

40 -Tig the memory mear^ to store data representative 
of a position with respect to the boom assembly to 
which the attactvnent has been driven through ac- 
tuation of the operator actuated hydrauOc tilt vah/e, 
as the selected return position, wtien actuated. 

4S 9. The positioning and control system of dam 

8 and further including return to position enable 
switch means for causing the control means to 
onsduce the return to position titt control signals, 
when actuated. 

so 1 0. The system of daim 7 arwj further including 
return to position mode switch means coupled to 
the control means for causing the system to op- 
erate in a return to position mode, arwj thereby 
provide the return to position tilt control signais, 

55 when actuated. 

1 1 . The positioning and ctjntrol system of claim 
1 wherein: 

the system further includes n^ear^ for caus- 
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ing the system to operate in an anti-roltback 
T^ode; 

the memory means stores data representa- 
tive of a predetenmined minimum roiiout an- 
gte of the attachment with respect to the s 
support structure: and 
the control means provides anti-rollback tilt 
control signals pr venting the attachment 
from being driven to a rollout ar^le less than 
the predetermined minimum rollout angle. io 

12. The positioning and control system of claim 
1 wherein: 

the hydrauic tilt cylinder includes a piston 
which can be drtvm between first and sec- 
ond end positions within a cy&nder housing; rs 
the memory mear)s stores data represema- 
trve of a first predetermined cushion dis- 
tance: and 

the control means provides tilt cushion con- 
trol signals causing ttie speed of the piston 20 
to slow when the piston is being driven 
within the cylinder housing tofward the first 
end position and is within the first cushion 
dtstarK^e of the first end position. 

13. The vehicle of daim 12 wherein: » 
the memory means also dores data repre- 
sentative of a secoTKl cushion (fistance; and 

the control means disables production of the 
tift cushion control signals wtien the piston is 
moved from the first end position by a cfis- 30 
tarx:e less ttian the second cushion distance 
immediately before being driven toward the 
first end position. 

1 4. The vehicle of ciaim 1 and further including 

ti?t switch mear« responsive to the operator ac- 3S 
i;ated hydraulic tilt valve for causing the control 
neans to disable production of tilt control signals 
wnen the operator actuated hydraulic tilt vaive is 
actuated. 
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